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A created tidal freshwater wetland, with no extant seed bank, was monitored to evaluate 
the colonization potential of a tidal river, vegetation and seed bank changes, and also 
species persistence. 

The 32.3-ha mitigation, adjacent to the Delaware River, was completed in 1994. Three sites, 
with differing completion dates, and three locations (channel edge, midpoint, upland edge) 
were sampled. From 1995 to 1999, surveys permitted a view of initial dynamics involving 
soil seed bank density or field vegetation cover, as well as species composition. Vegetation 
was monitored through 2011, and in 2011 a seed bank survey was also undertaken. 

Between 1995 and 1999, 177 species emerged from soil samples, with a maximum of 
32.3 + 1.8 (SE)/sample. Eight species were added in 2011, indicating continuing dispersal 
and input. Comparing species richness across three sites for midpoint locations, 2011 totals 
and species/sample were lower (61-90% and 53-72 %, respectively) than 1998 values. In 
vegetation plots during the first 5 years, 72 cover species were present. In 2011, there 
were 44; 14 were new and the majority (13) were woody and part of an overhanging edge 
canopy. Dispersal was primarily via water. Overall, the trend was towards lower seed bank 
densities, except for Mikania scandens and Phragmites australis which had higher densities, 
as well as cover values. Species richness also decreased. Species varied in persistence in 
the seed bank and vegetation, and among sites and with location. Initial site colonization dif- 
ferences were still apparent in 2011 seed bank samples. While present, Lythrum salicaria did 
not reduce species richness; Phragmites, in contrast, had substantial impact. 

The single most important change was an increase in Phragmites in the vegetation. Vegeta- 
tion dynamics are now determined by this species, and the persistent seed bank and continu- 
ing dispersal input have little obvious future in vegetation development. 
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terms of the Creative Commons Attribution License (http://creativecommons.Org/licenses/by/3.0/), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited. 
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Introduction 

The Abbott Marshlands (also known as the Hamilton - 
Trenton -Bordentown Marsh) include the northernmost 
tidal freshwater wetland in the Delaware River estuary, 
where the tidal range may exceed 3 m. The wetland 
has been the subject of a number of ecological studies 
dating back to 1974 (Whigham and Simpson 1975) 
that addressed productivity, sedimentation and water 
quality, as well as seed banks (for reviews see Leek 



and Grain 2009; Leek et ai 2009; Whigham 2009). 
Initial colonization in a created wetland was also docu- 
mented and this report is a follow-up of those studies 
(Leek 2003; Leek and Leek 2005). 

Created wetland — 1995-99 overview 

The created wetland was constructed in stages, begin- 
ning in January 1993 and extending to November 
1994. The completed project had eight islands, edge 
marshes and ~4 km of channels (Fig. 1). The study 




Fig. 1 The Abbott Marshlands created wetland, Mercer County, New Jersey, USA. NM, north marsh; EM, east marsh; SM, south marsh. 
The created wetland on Duck Island lies at 74-43'30" longitude, 40°10'46" latitude and is 3.5 km south of Trenton, New Jersey, 107 km 
west of New York City, and 47 km north of Philadelphia, PA. The site, which covers 43 ha and is 1.5 km long, was constructed between 
1993 and 1994. It is the largest New Jersey Department of Transportation mitigation project in the state and is located in an urbanized 
and industrial landscape. It is ~ 2 km north of the mouth of Crosswicks Creek which drains most of the Abbott Marshlands. There are two 
1-m pipes beneath the highway that connect the created wetland with Duck Creek. To the east of Duck Creek lie the D&R Canal and a 
railroad track (not shown) that further isolate the created wetland from the main part of the Abbott Marshlands. 



2 



AoS PLANTS 5: plsOSO; doi:10.1093/aobpla/pls050, available online at www.aobplants.oxfordjournals.org © The Authors 2012 



Leek — Colonization of a created tidal freshwater marsli 



objectives (Leek 2003) were to docunnent seed bank and 
vegetation development. At the time the study was 
initiated during early May 1995 in three edge marshes, 
vegetation, dominated by Juncus effusus, was well 
developed along the east marsh [see Additional 
Information]. The north marsh, in contrast, had little 
vegetation except for a few Salix and Populus saplings 
growing along the channel edge that did not persist, 
and Typha latifolia in an ~5-m-wide depression; a 
number of wetland species were present in 1994 along 
the upland edge, including Lythrum salicaria, Sagittaria 
latifolia and Symphyotrichum puniceum. There was 
no vegetation in the south marsh, the last area to 
have been completed (November 1994). However, by 
mid-August 1995 at each site, vegetation cover was 
complete and diverse, and Lythrum was in flower 
(M. A. Leek, pers. observ.). 

Over the first 5 years the following observations were 
mode: (i) the range of construction times, between No- 
vember 1993 and November 1994, for the three sites 
provided different establishment and gap opportunities 
that resulted in varied and distinctive seed banks and 
vegetation; (ii) the quality of germination niches 
changed as vegetation developed and sediment depos- 
ition altered conditions; (iii) spatial and temporal vari- 
ability in the seed bank and vegetation among sites, 
locations and years were related to deposition of seed- 
containing wrack, species tolerances to tidal flooding 
and in situ seed production; (iv) the relative importance 
of regional versus local dispersal changed with in situ 
seed production, becoming more important and result- 
ing in high densities (>350 000 m"^) in some locations; 
(v) seeds of most colonizing species were small and per- 
sistent; (vi) seed dispersal was primarily by water; (vii) 
seed bank and vegetation compositions became increas- 
ingly similar with time; and (viii) persistence in the seed 
bank and vegetation varied with species (Leek 2003). 

Both seed densities and species diversity of the 
created wetland were substantially higher than those 
of a nearby reference marsh site (Leek and Leek 2005), 
similar to results from a freshwater wetland along the 
Anacostia River in Washington, DC (Baldwin 2004). 
A Napa River (California) brackish tidal marsh study 
found the opposite pattern, with reference sites having 
higher diversity than a restored one, indicating limited 
dispersal there (Diggory and Parker 2010). 

Owing to the proximity of the created wetland to the 
Delaware River, the high seed bank and vegetation diver- 
sity initially observed and the potential of the tidal river 
for continuing dispersal, it was expected that diversity 
would continue to be high especially in the seed bank. 
Accordingly, the main objectives of this study were to 
compare data from early seed bank and vegetation 



studies with those obtained over 17 years at the same 
sites, and to explore the impact of continuing seed 
dispersal into the created wetland on both the seed 
bank and vegetation development. Also of interest 
were: whether the extraordinarily high species richness 
present in the early study was maintained and if input 
of species continued despite the presence of established 
vegetation; how the seed bonk and vegetation devel- 
oped over time; how persistence of species varied in 
the seed bank and vegetation; and how invasive 
species contributed to species dynamics. This study 
appears to be the first to document seed bank and vege- 
tation changes in a created tidal freshwater wetland 
over 17 years. 

Methods 

Sites and locations 

The three edge sites selected— north (NM), east (EM) and 
south (SM) marshes— were accessible by foot (Leek 
2003) (Fig. 1). At each site, three transects perpendicular 
to the tidal channel were established; transects were 
30-35 m long, except for one in the NM that was 
15 m, and were >10 m apart. Sampling locations were 
1 m from the channel edge (ch), near the midpoint 
(mi) and 1 m from the upland edge (up). At each loca- 
tion, three replicate points were designated, adjacent 
to and 1 m at either side of the transect marker. For 
seed bank samples, distances varied to avoid places 
already sampled. For vegetation, typically, there were 
nine samples for each location at a site. For seed bank 
data reported here, typically n = 6, except for June 
1999 when n = 3. In later years, samples were occasion- 
ally lost or a plot missed due to difficulties in finding 
locations along transects overgrown with Phragmites 
australis and Mii<ania scandens. 

Sampling 

Seed bank Samples, 10 cm x 10 cm x 3 cm deep, were 
collected on 6 May 1995, 15-20 April 1996, 27-28 March 
1997, 16 March 1998, 18 March and 16 June 1999, and 
18/19 March and 18 June 2011. In 1999 and June 2011, 
only midpoint locations were sampled. Within 24 h of 
collection, samples were spread out in 20 cm x 20 cm 
aluminium pans over a 2-cm layer of perlite, except in 
1995 when sand (1 cm deep) was used; placed in a 
greenhouse with ambient photoperiod, ~30% solar 
illumination, and air temperature in the range ~5-30 °C; 
and were watered regularly. Although they were usually at 
field capacity, the 2011 samples experienced some drying. 

Seedlings that emerged from soil samples were used 
to estimate the size (m^^) and species composition of 
the seed bank. Samples were monitored weekly and 
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seedlings were removed when they could be identified. 
However, during May and early June 1995-99 when 
seedlings were very dense, seedlings (<2mnn) were 
removed before they died. Representative unknown 
seedlings were transplanted to pots and maintained 
until they could be identified. In the case of small seed- 
lings of Lindernia dubia, Ludwigia palustris, and Lythrum, 
which were difficult to distinguish, seedlings were desig- 
nated as 'dicots', and an undisturbed patch was left to 
grow; once identified, the ratio between species was cal- 
culated and the number of each determined. Although 
samples were maintained for more than one growing 
season to detect any ungerminated species, only data 
up to December of the year collected are presented. 

Persistence of seeds was determined by using samples 
collected in June after the transient seed bonk compo- 
nent would hove germinated but before the current 
year seed production dispersed, and 3-6 cm depth 
samples (Leek 2003). Depth samples, used to evaluate 
the incorporation of seeds of undetermined age into the 
soil profile, were collected in 1998 at one-third of the sam- 
pling points (n = 3) at each location for each site and in 
2011 at SM midpoint locations (n = 6). It was difficult to 
avoid contamination of 3-6 cm samples due to the 
unconsolidated nature of the substrate and the flow of 
water into the hole. June samples were collected in 
1999 and 2011. 

Vegetation From 1995 to 2011, the presence and 
per cent cover were determined for 14 years using 
50 cm X 50 cm quadrats. Evaluation dates were: 16 
August 1995; 15 August 1996; 22 August 1997; 
21 August 1998; 28 August 2000; 1 September 2001; 
26 August 2002 (NM, SM only); 6 September 2003; 22 
August 2004; 22/23 August 2005; 23 August 2006; 2/3/ 
5 September 2009; 24/29 August/6 September 2010; 
and 12/13/17 August 2011. In recent years, when 
midpoint location markers that had been overgrown 
and hidden by Phragmites and/or Mikania could not be 
located, plot locations were estimated. 

Between May and September 1999, a clipping experi- 
ment was undertaken to determine the impact of 
Lythrum on biodiversity (Licsko 2000). Five replicate 
treatments plots, 2 m x 2 m, for each of five treatments 
were set up in the EM and SM. Treatments were: clipped 
Ix (May), 2x (May, July), 9x (biweekly), standing dead/ 
litter (thatch) removed (May), and control. To estimate 
the per cent cover and species present, a 1-m circular 
plot was established within each treatment plot. The 
Spearman correlation coefficient was used to determine 
if the cover of Lythrum influenced the total number of 
species or number of cover species. 



Seed bank and vegetation results are presented as total 
species, species richness (x + SE of species/sample or 
/vegetation plot), estimated seed bank densities m"^ 
(x + SE) and % vegetation cover (x + SE/plot). Compos- 
ition comparisons were made with the Sorenson coeffi- 
cient (Broweret ai 1998). 

Nomenclature follows USDA (2012). Non-native status 
was determined from Rhoads and Klein (1993), and rare 
plants, those rated as threatened or endangered for New 
Jersey, from Snyder (2010). 

Results 

Seed bank and vegetation diversity 

Diversity was higher in the seed bank than in vegetation 
(Table 1). Overall 194 species appeared in both seed 
bank samples and field plots, representing more than 
54 families. Families with the most species were Astero- 
ceae, Cyperaceae, Pooceoe and Polygonaceoe. In 1998, 
there were nearly twice as many families in seed bank 
samples than were present in vegetation plots, com- 
pared with the nearly equal numbers in 2011. 

The maximum seed bank species richness (32.3 + 1.8/ 
sample), obtained in 1998, was more than 2x higher 
than for any other year. The lowest seed bank richness 
occurred in 1995, but in the vegetation similar low 
values occurred in the EM channel location in 1995 
and 2011. In 2011, eight species were added to the 
seed bank inventory and five to the vegetation (Appen- 
dix 1). Of the new seed bank species, three occurred in 
channel edge samples and of these only Echinochloa 
muricata was a wetland species (FACW-i-). 

Over time, the upland adjacent to the tidal marsh was 
colonized by woody species that contributed cover to the 
upland edge vegetation plots, but were not rooted in the 
plot. In 2011, 15 woody species, including vines (e.g. 
Clematis terniflora, Lonicera japonica and Vitis spp.), 
were recorded (Appendix 1). Of these, seven were also 
present in seed bank samples. 

The Sorenson coefficients, used to compare the location 
composition of seed bonk/vegetation or 1998/2011, were 
generally low (<50 %) (Table 2), while values comparing 
sites were high (>50 %; N/E = 57 %; E/S = 57 %; N/S = 
71 %). The values comparing March/June seed bank com- 
positions were also high (55-77 %). When woody species, 
not rooted in the vegetation plots, were not included 
(1998/2011), the similarity was low. 

Non-native species comprised 10-17 % of totals and 
proportions were equally distributed between seed 
bank and the vegetation during the initial stages of col- 
onization (Table 1). Rare species ranged from 3 to 16 % 
and were, however, most numerous in the vegetation 
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Table 1 Diversity summary for seed bank and vegetation, comparing 1995-99 with 2011. (A) Total species richness (x + SE), and 
non-native and rare species (globally or New Jersey state endangered or threatened; Snyder 2010). Also indicated are sites (NM, EM, SM; see 
Fig. 1), locations (ch, mi, up) and year. (B) Comparisons of seed bank and vegetation data for three time periods. Data are the numbers of 
plant families and of species for the four most abundant families, n = 6 for seed bank data and n = 9 for vegetation plots. Seed bonk soil 
samples were 10 cm x 10 cm x 3 cm; vegetation cover plots were 50 cm x 50 cm. Overall 194 species appeared in 1995-99 and 2011 
samples and plots. 



1995-99 



2011 



Seed bank 
Total species [5-year range] 

% Non-natives 

% Rare species 
Species richness range 

Site location year 
Vegetation 
Total species [5-year range] 

% Non-natives 

% Rare species 
Species richness range 

Site location year 



177 [69-111] 
13 

3 (4.5)° 

3.3 ± 1.3-32.3 + 1.8 
SM mi 95/NM up 98 

92 [33-48] 

12 

16 

1.8 + 0.2-9.4 + 0.86 
EM ch 95/SM mi 96 



70 
17 

(3.2)° 

6.2 + 2.5-12 + 1.1 
SM ch 11/SM up 11 

44 
10 
5.7 

1.8 + 0.3-6 + 0.7 
EM ch 11/NM up 11 



B 



Families — total 

Species 
Asteraceoe 
Cyperaceae 
Poaceae 
Polygonaceae 



Seed bank 



1995-99 
54 

29 
33 
23 
13 



1998 
51 

20 
16 
11 
8 



2011 
28 

11 
6 
7 
4 



Vegetation 



1995-99 
25 



16 
5 
10 



1998 
23 

8 
6 
4 
4 



2011 
29 

4 
5 
4 
2 



"Heteranthem and Mimulus seedlings did not flower, but values in parentheses could include H. multiflora or M. alatus which are rare. 



during the initial stages of colonization. A few found 
elsewhere in the created wetland, e.g. Isoetes riparia 
(G4, S3) and Elatine americana (G4, S2), were restricted 
in occurrence. In fact, a few Isoetes plants were 
observed only in 1994 in a small depression. Other 
species, namely Heterantera multiflora (G4, S3) and 
Mimulus alatus (G5, S3), were more abundant and 
frequent (M. A. Leek, pers. observ.). 

Changes 

Comparisons among sites (NM, EM, SM) and among loca- 
tions (channel edge, near the midpoint, and upland 
edge) will be presented as follows. Site comparisons 



will use midpoint location data for 1998 and 2011, and 
all locations for 2011. Location changes will focus on 
the SM. 



Sites Sites showed substantial reduction in the total 
seed bank density and diversity between 1998 and 
2011, with values generally being >50% less in 2011 
(Table 3). Vegetation diversity was also less in 2011 
with richness ranging from only 2.0 + 0.2 to 3.2 + 0.7 
species/plot. The relatively high NM vegetation species 
totals in 2011, compared with EM and SM, were due to 
the lack of Phragmites in some NM locations. 
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Table 2 Sorenson coefficients (%) comparing species in March 
and June 2011 with 1998 for seed bank samples and 
vegetation cover plots. Values are for three sites (NM, EM and 
SM, shown In Fig. 1), and three locations (ch, ml and up). If all 
sites and locations are Included for 1998/2011 comparisons, the 
seed bonk value Is 47 % and that for the vegetation Is 47 %. 



Site-location 2011 


2011 


1998:2011 


Seed bank 


Seed bank 


Vegetation 


March : 


March: June 




vegetation 






NM-ch 42 




58 


NM-ml 50 


55 


60 


NM-up 38 




49 


NM-up, no woody species 




49 


EM-ch 33 




38 


EM-mi 22 


56 


24 


EM-up 10 




10 


EM-up, no woody species 




8 


SM-ch 36 




37 


SM-mi 33 


77 


22 


SM-up 13 




19 


SM-up, no woody species 




12 



While the density of most species decreased with time, 
Phragmites and Mikania increased in importance at all 
sites. These species also became important components 
of the vegetation. Several others (e.g. Lythrum and J. 
effusus) were absent from the vegetation although they 
were well represented in the seed bank in 2011. Species 
varied with site; for example, values for Lythrum in NM 
and EM were similar, but much reduced in the SM. 

For 2011 across sites (Appendix 2), channel locations 
had the lowest seed bank densities and species richness. 
Total species were similar at midpoint and upland edge 
locations. Many species present in the seed bank were 
not present in the vegetation, and richness was much 
lower and fewer species contributed to the vegetation. 
In EM and SM locations, which tended to be more alike 
than either site compared with the NM site, only 2-3 
species contributed most of the cover. Polygonum punc- 
tatum and Nuphar lutea were important along the 
channel, and Phragmites in midpoint plots. Phragmites 
was the only important herbaceous species in upland 
edge plots, but had reduced cover (compared with 
the midpoint locations). Seed bank density and species 



richness were lower than in earlier years (see Table 3, 
Appendix 2; Leek 2003), but total species remained 
fairly high. 

Locations Species richness of vegetation at all three SM 
locations (Fig. 2) was initially high and then declined, 
especially in midpoint and upland edge plots. However, 
patterns differed among locations: the channel edge 
showed an initial increase and then was fairly stable; 
midpoint plots were fairly constant until the last three 
sampling dates; and along the upland edge species 
richness declined after the first 2 years. Location 
changes in total species showed similar site patterns 
(data not shown). In recent years, species richness was 
lowest at midpoint locations, and increased at upland 
edge locations. 

Individual species waxed and waned in unique ways. 
Impatiens, for example, did not immediately colonize 
the SM site although seedlings were noted elsewhere 
in the created wetland in 1994 (M. A. Leek, pers. 
observ.) and was not a continuing presence along the 
channel edge (Fig. 3A). However, by the third year, Impa- 
tiens was well established at midpoint and upland edge 
locations, and persisted for several years, but eventually 
was lost from the vegetation. 

Polygonum punctatum was an important initial colon- 
izer of the vegetation along the channel edge beginning 
in 1995 and, although it was found in 1995 and 1996 
at higher elevations, it did not persist there (Fig. 3B). 
It should be noted that identification of Polygonum 
species that are not flowering can be problematic, and 
during the first 2-3 years several species were present. 
The decline of P. punctatum was probably related to 
slumping and erosion of the channel edge, and expan- 
sion of Nuphar from the stream channel. Cover values 
of Nuphar in the SM channel plots increased from 0 % 
in 2004, to 20 + 10.1 % in 2005, 16.7 + 4.8 % in 2006, 
35.7 + 9.6 % in 2009, and 27.8 + 8.9 % in 2010 (n = 9). 

Persistence 

Many species germinating from June samples have per- 
sistent seeds (Table 4). Lythrum, M/kon/a and Phragmites 
were the most numerous in June 2011 samples from all 
sites. In 1999, seed bank dominants, besides Lythrum, 
included Ludwigia and, depending on the site, Lindernia, 
J. effusus or Juncus acuminatus. Site seed banks varied, 
and J. effusus, while not present in any vegetation plot 
after 2001, was present in 2011 in sizeable numbers 
but only in EM samples. In 2011, there were 62 total 
species in March samples compared with 24 in June. 

The 3-6 cm depth samples collected in 1998 showed 
substantial declines compared with surface 0-3 cm 
samples (Table 5). In 2011, however, values for 3-6 cm 
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Table 3 Comparisons of seed banks and vegetation for 1998 and 2011 at NM, EM and SM midpoint locations (see Fig. 1). Data are seed 
bonk densities (x + SE) and % cover (x + SE) for selected species, species richness (x + SE) and total species. For the seed bank data 
typically n = 6, and for the vegetation n = 9. 





Seed bank 




Vegetation 






1998 


2011 


1998 


2011 


NM 










Gratiola negtecta 


17 317 + 4222 


17 + 14 


0 


0 


Impatiens capensis 


200 + 141 


100 + 67 


3.3 


1.1 + 1.1 


Juncus acuminatus 


2883 + 1076 


467 + 222 


1.6 + 1.2 


0 


Juncus effusus 


1450 + 729 


17 + 14* 


0 


0 


Lindernia dubia 


59 800 + 14 985 


450 ± 238 


0 


0 


Ludwigia palustris 


258 620 + 34 081 


1183 + 391 


4.1 + 2 


0 


Lythrum salicaria 


12 133 + 3331 


18 750 + 554 


27.7 + 6.3 


18.3 + 6.4 


Mikania scandens 


17 + 17 


13 533 ± 1089 


9.4 + 5.7 


41.1 + 12.1 


Phragmites australis 


100 + 37 


3683 ± 1043 


0 


53.9 + 14.5 


Pilea pumila 


3983 + 1653 


17 + 14 


20.6 + 6.8 


0 


Total density 


382 080 + 38 649 


42 067 ± 7353 






Species/sample 


28.8 + 3.0 


11 + 1.3 


6.8 + 0.6 


3.2 + 0.7 


Total species 


63 


25 


18 


12 


EM 










Gratiola negtecta 


500 + 171 


50 + 28 


0 


0 


Impatiens capensis 


50 + 34 


0 


6.1 + 4.4 


0 


Juncus acuminatus 


233 + 196 


17 + 14 


0 


0 


Juncus effusus 


10 283 + 1977 


15 400 + 3078 


1.1 + 1.1 


0 


Lindernia dubia 


817 + 234 


117 + 49 


0 


0 


Ludwigia palustris 


97 083 + 29 730 


4117 + 1235 


0 


0 


Lythrum salicaria 


25 800 + 5507 


21 417 ± 6317 


28.9 + 8.9 


0 


Mikania scandens 


1300 + 583 


9367 ± 1290 


14.1 + 6.7 


28.3 + 12.7 


Phragmites australis 


0 


10 383 + 2974 


0 


84.4 + 2.3 


Pilea pumila 


4416 + 2109 


300 + 143 


12.2 + 4.4 


0 


Total density 


165 370 + 32 408 


63 383 + 4797 






Species/sample 


29.2 + 1.2 


11.8 + 1.3 


7.8 + 0.6 


2 + 0.3 


Total species 


58 


24 


21 


4 


SM 










Gratiola negtecta 


3967 + 1618 


50 + 28 


0 


0 


Impatiens capensis 


217 + 95 


0 


60.6 + 9.0 


0 


Juncus acuminatus 


8967 + 7423 


33 ± 17 


0 


0 


Juncus effusus 


233 + 105 


0 


0 


0 


Lindernia dubia 


58 116 + 25 607 


300 ± 123 


0 


0 



Continued 
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Table 3 Continued 



Ludwigia patustris 
Lythrum salicaria 
Mikania scandens 
Phragmites austratis 
Pilea pumila 
Total density 
Species/sample 
Total species 



Seed bank 
1998 

174 730 + 31 109 
27 216 + 7178 
133 + 61 
0 

3050 + 742 
305 460 + 49 903 
28.7 + 1.5 
66 



2011 

2517 ± 729 
5617 + 1662 
14 600 + 3299 
5400 + 1213 
17 + 14 
29 504 + 4880 
8 + 0.4 
14 



Vegetation 

1998 
0 

15.4 + 5.4 
0 
0 

6.1 + 2.5 

5.0 + 0.4 
14 



2011 
0 

6.7 + 5.4 
25.8 + 7.6 
78.3 + 5.2 
0 

2.0 + 0.2 
4 



12i 
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■H 
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Fig. 2 Vegetation species richness in SM locations for 1995-2011. Locations: left, channel edge; centre, midpoint; right, upland edge. 
Data are for 14 of 17 years. Values are x + SE/plot; typically n = 9. Plots were 50 cm x 50 cm. 



samples exceeded 0-3 cm ones, and total species was 
nearly double. 

Invasive species The three important invasive species 
were Lythrum, Phalaris arundinacea and Phragmites 
(Table 6). Both Lythrum and Phalaris were more 
important in early years. In 2011, Lythrum occurred in 
the vegetation only in NM locations. Phragmites, in 
contrast, increased in importance in both the seed 
bank and vegetation at all sites. 



Colonization by invasive species varied temporally 
and spatially. At the SM site, Lythrum was already 
present at all locations by August 1995 (Fig. 3C) [see 
Additional Information]. It quickly achieved high cover 
in the upland edge plots, but then was eliminated 
due to shading by woody canopy species. It persisted 
in midpoint plots over the entire sampling period, but 
at low values. During the 17-year sampling period, 
Phragmites did not appear in SM channel edge plots, 
and took several years to colonize other locations 



8 
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Fig. 3 Cover (%) in SM locations from 1995-2011 for four species: annuals, (A) Impatiens capensis, (B) Polygonum punctatum, and 
perennials, (C) Lythrum saticaria and (D) Phragmites australis. Locations: left, channel edge; centre, midpoint; right, upland edge. Data 
are for 14 of 17 years. Cover values are x ± SE/plot; typically n = 9. Plots were 50 cm x 50 cm. 
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Table 4 Comparisons of seed bonks for June 1999 and June Table 4 Continued 

2011 at NM, EM and SM midpoint locations (see Fig. 1). Data are 
density m"^ (x + SE), species richness (x + SE/sample) and total 

species. 





1999 


2011 


NM 






Juncus acuminatus 


3930 + 2740 


50 + 28 


Lindernia dubia 


13 780 + 4750 


233 + 128 


Ludwigia palustis 


60 480 + 4450 


733 + 364 


Lythrum salicaria 


78 100 + 68 300 


19 533 + 6163 


Mikania scandens 


380 + 197 


9567 + 1874 


Phragmites australis 


0 


3500 + 1077 


Pilea pumila 


2230 + 1540 


0 


Symphyotrichum 


2067 + 980 


317 + 120 


puniceum 






Typha spp.° 


67 + 49 


650 + 245 


Total density 


165 300 + 74 850 


34 933 + 4823 


Species richness 


13.8 + 0.5 


7.8 + 0.8 


Total species 


27 


15 


EM 






Juncus effusus 


13 630 + 6510 


1927 + 641 


Lindernia dubia 


950 ± 360 


33 + 17 


Ludwigia palustris 


8630 + 6700 


650 + 255 


Lythrum salicaria 


134 800 + 49 700 


8150 + 2564 


Mil<ania scandens 


1300 + 620 


4683 + 1891 


Pliragmites australis 


17 + 17 


3683 + 1096 


Pilea pumila 


3770 + 2300 


33 + 17 


Typtia spp.° 


267 + 267 


683 + 174 


Total density 


176 480 + 47 490 


20 317 + 4640 


Species richness 


15.5 + 2 


8.8 + 0.3 


Total species 


35 


21 


SM 






Juncus acuminatus 


16 180 + 10 800 


17 + 14 


Lindernia dubia 


13 loU + 45bU 


lo3 + 90 


Ludwigia palustris 


19 300 + 10 100 


950 + 450 


Lythrum salicaria 


110 000 + 34 470 


2783 + 564 


Mil<ania scandens 


180 ± 180 


2267 + 1074 


Mimulus spp.° 


2990 + 1240 


50 + 28 


Phragmites australis 


0 


1583 + 740 


Symphyotrichum 


9970 + 5190 


100 + 42 


puniceum 






Total density 


147 400 + 61 600 


8233 + 2570 



Continued 



Species richness 17.2 + 0.9 6.3 + 0.9 

Total species 34 12 

"Mimulus species— M. alatus, M. ringens. Typha species— T angustifolia, 
T. latifolia. 



(Fig. 3D). It reached maximum cover in midpoint plots, 
and persisted at levels between 20 and 40 % in upland 
edge plots. 

The 1999 clipping experiment found no significant 
effect of Lythrum cover on the total number of species 
(P = 0.42) or of cover species (P = 0.68) regardless of 
treatment (Licsko 2000). 

Discussion 

This follow-up of the 1995-99 study of a created tidal 
freshwater wetland (Leek 2003; Leek and Leek 2005) pro- 
vides several important insights. These relate to the con- 
tinuing dispersal potential of the adjacent tidal Delaware 
River and to diversity, vegetation development and rela- 
tionship to the seed bank, species persistence in the 
seed bank and the vegetation, and impact of invasive 
species. 

Dispersal and diversity 

The dispersal of plant propagules into the created 
wetland area where no remnant wetland seed bank 
existed was immediate, creating diverse communities. 
These differed among sites, related in part to construc- 
tion history, and with location, attributed to inundation 
regimes and seed deposition patterns (Leek 2003; 
M. A. Leek, pers. observ.). The numbers of species and 
the families they represented were high (Table 1), and 
of the most diverse families, the number of Cyperaceae 
species (33) in seed bank samples was greater than 
those recorded in 103 other studies reviewed by Leek 
and Schutz (2005). The initial planted macrophytes (12) 
contributed very little to overall diversity (194 species) 
(Leek and Leek 2005). 

Propagules were of regional and local origins mostly 
carried by the Delaware River which extends 322 km 
north of the created wetland and Crosswicks Creek 
which flows from the southeast ~37 km through tidal 
marsh and swampland (Leek 2003). Although Crosswicks 
Creek meets the Delaware ~2 km downstream of the 
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Table 5 Comparisons of seed banks in 0-3 and 3-6 cm depth samples for March 1999 and 2011 at NM, EM and SM midpoint locations. 

Data are density m"^ (x + SE), species richness (x + SE/sample) and total species, n = 3 for 1999 and n = 6 for 2011. 



Density Species richness Total species 



1999 








NM 0-3 cm 


382 080 + 38 649 


28.7 + 3.0 


58 


NM 3-6 cm 


14 100 + 1369 


7.0 + 6.0 


18 


EM 0-3 cm 


161 560 + 32 970 


29.1 + 1.2 


57 


EM 3-6 cm 


11 733 + 1543 


12.3 + 1.2 


24 


SM0-3cm 


305 460 + 49 903 


28.7 + 1.5 


56 


SM 3-6 cm 


14 433 + 13 805 


4.7 + 2.6 


10 


2011 








SM 0-3 cm 


29 467 + 4880 


8.0 + 0.4 


14 


SM 3-6 cm 


40 600 + 9041 


10.0 + 1.0 


23 



Table 6 Maximum seed bank densities and vegetation frequencies (FQ %) for invasive species from 1995-99 and 2011. Data are 
density m~^ (x + SE) and vegetation frequencies are % (based on all sites and locations) for 1995-98 and for 2011. For 1995-98, seed 
bank n = 216, vegetation n = 324; and for 2011, seed bonk n = 54, vegetation n = 81. 





1995-99 




2011 




Species 


Seed bank density 


Vegetation 
(FQ %) 


Seed bonk density 


Vegetation 
(FQ %) 


Lythrum salicaria 


207 900 + 30 760 


89 


29 280 + 19 300 


14° 


Phalaris arundinacea 


567 + 454 


47 


17 + 14 


3° 


Phragmites australis 


133 + 133 


28 


10 380 + 2974 


98 



"Present only in NM plots. 



created wetland, lateral tidal movement in the Delaware 
River estuary is as much as 16.7 km (Sharp 1988). 

Evidence for continuing dispersal was the eight new 
species added to the seed bank inventory and five to 
the vegetation in 2011, and the latter were all woody 
species (Appendix 1). Also, observations elsewhere in 
the created wetland revealed other colonizing species in- 
cluding, e.g., Cardamine impatiens, Polygonum perfolia- 
tum, Sagittaria subulata, Samolus floribundus and 
Strophostyles helvola. The first two are incipient invasives 
in upland areas. 

Although not studied for most species, estimates of 
dispersal modes can be determined from species seed 
characteristics, including size and appendages. Thus, 
~20 vs. 34% of species (based on Leek 2003 vs. Ap- 
pendix 1) have hairs or wings suitable for wind 



dispersal; 10 vs. 22 % are eaten or cached by animals; 
and 1 vs. 1.5 % hove explosive fruits. The remaining 
70 vs. 44 % are likely to be primarily dispersed by 
water. Hydrochory, as a primary dispersal mode, was 
noted by Neff and Baldwin (2005) for an Anacostia 
River tidal freshwater marsh, and it was also important 
in other wetlands (e.g. Middleton 2000; Vogt et ai 
2007; Gurnell et ai 2008). Propagules, especially 
during late autumn and early winter 1995-97, were 
distributed in seed-containing wrack that was depos- 
ited away from the channel edges, but annual floods 
were also a potential source. Once vegetation devel- 
oped, wrack appeared less (M. A. Leek, pers. observ.). 
No new species appeared in midpoint locations in 
2011, suggesting that established vegetation limited 
dispersal. 
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Many species, however, have more than one mode of 
dispersal. Even those with appendages for aerial disper- 
sal, e.g. Acer spp. and Salix spp., can be secondarily dis- 
persed by water (M. A. Leek, pers. observ.) and others, 
such as Juncus and Mimulus spp., have small dust-like 
seeds that can float and be carried by wind. Impatiens 
has explosive fruits, and seeds that are cached by 
small rodents and that can float for several months 
(Parker and Leek 1985; M. A. Leek, pers. observ.), all 
effective modes of dispersal. For some, strategies may 
include release over a long period of time, including 
during winter, e.g. Lythrum (Klips and Penalosa 2003). 
Furthermore, even species primarily dispersed by 
animals can be dispersed by water if fruit and/or seed 
structures provide buoyancy. 

The increased animal dispersal in 2011 is probably 
related to the occurrence of avian-dispersed, woody 
species, such as Morus and Vitis spp., along the upland 
edge. Although actual evidence for animal dispersal is 
limited, the presence of birds and turtles has been well 
documented, beginning in 1994 (C. F. Leek, pers. comm.), 
and both may transport viable seeds (e.g. Braun and 
Brooks 1987; Mueller and van der Valk 2002; Soons et al. 
2008; Wongsriphuek et al. 2008; Broehet et al. 2010; 
Kimmons and Moll 2010). 

In addition to seeds, seedlings, such as those of 
Lythrum and Pontederia cordata, may float (e.g. Leek 
and Outred 2008). Diverse seedlings may be carried on 
wrack and other floating debris, guided by wind, tides 
and/or water currents (M. A. Leek, pers. observ.). Water- 
dispersed plants and plant fragments, e.g. H. multiflora 
and Ludwigia peploides, have also been observed, espe- 
cially after summer or autumn floods. 

Multiple factors contributed to diversity and they 
included, in addition to the effective dispersal of seeds, 
seedlings and plant fragments, spatially and temporally 
diverse habitats. Habitats varied, e.g., in duration of 
inundation, winter scour pattern, initial vegetation de- 
velopment related to construction schedule, sedimenta- 
tion, and woody cover at upland edge locations. 
Furthermore, species varied in tolerances to the chan- 
ging features of the created wetland. 

It can be assumed that diverse propagules, including 
rare species, will continue to be dispersed into the 
wetland. However, their future esblishment is not guar- 
anteed as vegetation changes and sedimentation alter 
conditions. 

Seed bank and vegetation development 

Beginning in 1994/1995, colonization was rapid (Leek 
2003), creating communities that were more diverse, 
of different composition and with seed banks of much 
higher densities than a reference marsh ~2 km distant 



that had been studied for 15 years (Leek and Leek 
2005). The higher diversity compared with reference 
sites, similar to Baldwin (2004), can be explained by 
the proximity of the created wetland to the Delaware 
River (Fig. 1). These high initial density and diversity 
values, however, were not sustained, and although still 
higher than most reference marsh sites (Leek and Leek 
2005), 2011 values were lower than those from 1995- 
99 (Tables 1, 3 and 4). Lower densities could be related 
to changes, especially an increase in Phragmites cover, 
that eliminated species and/or reduced in situ seed pro- 
duction, especially by Lindernia, Ludwigia and Lythrum 
(Table 3; Fig. 3D; Leek 2003), and that appeared to 
lessen wrack deposition. Only Mil<ania and Phragmites 
seed bank densities increased (Appendix 2). 

With succession came changes in establishment char- 
acteristics. As the vegetation became denser, open habi- 
tats and small tide pool depressions were lost. The 
varied growth forms, an early feature related to the 
open nature of the wetland, ranged from creeping (Lud- 
wigia), short upright (Gratiola, Lindernia), to tall (J. 
effusus, Lythrum), and, although continuing to be 
present in the seed bank, were generally lost from the 
vegetation except along channels and in places where 
disturbance created gaps. Herbivory was minimal and 
not noted in study plots; elsewhere grazing, primarily 
by Canada geese (Branta canadensis) on Pontederia 
and Zizania, was not observed after the first 2-3 years 
(C. F. Leek, pers. comm.). Ultimately, losses from the 
vegetation were associated with the increasing import- 
ance of Phragmites, especially away from channel 
edges. Establishment of woody species in tidal areas 
was limited. None was rooted in vegetation plots in 
2011, but, although infrequent, woody plants (e.g. Salix 
spp.) were evident elsewhere (e.g. Fig. 4) [see Additional 
Information]. 

Sedimentation, although not measured directly, also 
appeared to alter establishment characteristics. Some 
sedimentation appeared to be related to erosion and 
slumping of channel edges, but external sources 
included both Crosswicks Creek and the Delaware River, 
which were sediment laden following heavy rains. Accu- 
mulation occurred in channels, which were colonized by 
Nuphar (M. A. Leek, pers. observ.), as well as in other 
areas. Other substrate features were also important. 
For example, at the SM site, individual Lythrum plants 
were frost-heaved during winter 2001 and died, and on 
one of the islands diversity in some monitoring spots 
was reduced to Lythrum with intervening spaces occu- 
pied almost exclusively by Ludwigia (e.g. in 1999, M. A. 
Leek, unpubl. data) [see Additional Information]. There, 
apparently, the packed gravelly substrate following con- 
struction and added sediment precluded the 
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Fig. 4 Extent of Phragmites (light brown) during April 2010. This aerial view of the created wetland was tal<en in early spring before 
herbaceous growth was visible; Phragmites thatch from 2009 growth is light brown. Also indicated is the east marsh (EM); only small 
portions of the south marsh (SM) and north marsh (NM) sites are visible. 



development of vegetation (Leek 2003; M. A. Leek, pers. 
observ.; Baldwin 2004). 

The composition of both the seed bank and vegetation 
varied temporally. At 5 years, seed bank dominants that 
varied in relative importance with site were J. effusus, 
Lindemia, Ludwigia and Lythrum, and at 17 years they 
were Lythrum, Mikania and Phragmites (Table 3). The 
17-year values reflect the continuing presence of 
Lythrum in the seed bank (see below) and vegetation, 
and contributions of Phragmites and Mikania to the 



seed bank as they became dominant in the vegetation. 
In the case of J. effusus, an EM dominant in 1995, its 
virtual loss from the vegetation by 1997 was rapid 
(Leek 2003), yet it was still important in the EM seed 
bank in 2011. 

Dynamics varied with location (Fig. 3). At the time the 
study was begun in 1995, the channel edge at the SM 
site had no vegetation and was subsequently scoured 
clean of any wrack or dead plant remains during winter 
(M. A. Leek, pers. observ.); the decline in diversity in the 
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nnidpoint plots was apparently due to the increasing im- 
portance of Phragmites; and the more gradual decline 
along the upland edge was probably related to both 
the presence of Phragmites and the shading canopy of 
woody species growing on the adjacent upland. 

The behaviour of individual species was key to the 
vegetation changes observed, and distributions were 
related to innate species characteristics. The preference, 
for example, of P. punctatum for channel edge locations 
is related to its ability to tolerate inundation stresses, 
while Impatiens is better able to tolerate competition 
stress and shade at midpoint or upland edge locations 
(Fig. 3A and B; Parker and Leek 1985; Simpson et al. 
1985). Neither species, however, appeared able to 
persist with the advance of Nuphar from the channel 
or Phragmites in midpoint or upland edge locations. 
Other species similarly waxed and waned. 

Persistence 

Persistence in the vegetation, which varied among 
species, is easily demonstrated by observing changes 
in cover over time with site and location (e.g. Table 3; 
Fig. 3). For seed banks, persistence, which also showed 
considerable variability among species, was evaluated 
from species still present in June samples, and by com- 
paring those in 3-6 cm samples with surface 1-3 cm 
samples (Leek 2003). June samples contained substan- 
tial numbers of seeds of Lindernia, Ludwigia and 
Lythrum, and of Mikania and Phragmites in 2011, indicat- 
ing ability to persist at least for the short term (Table 4; 
Leek 2003). In 1999, seed bank dominants, besides 
Lythrum, included Ludwigia and, depending on site, Lin- 
dernia, J. effusus or J. acuminatus. Species germinating 
from 3-6 cm samples (Table 5; e.g. Lindernia, Ludwigia, 
Lythrum; Leek 2003) had been buried for some undeter- 
mined length of time. [Unfortunately, the 2011 depth 
samples, because of unexpected (and unexplained) 
high values (Table 5), could not be used to substantiate 
longevity.] However, all of these species are small 
seeded, a characteristic of species with a persistent 
seed bank strategy (Leek and Brock 2000; Fenner and 
Thompson 2005). 

Despite difficulty in assigning longevity seed type (see 
Fenner and Thompson 2005), persistent seeds in soil, in- 
cluding species not found in the vegetation (Appendix 2), 
may contribute to future vegetation if suitable establish- 
ment conditions occur. The future presence of Jmpo- 
tiens, a transient seed bank species with seeds 
persisting for <1 year (Leek and Simpson 1987), will 
require areas not dominated by Phragmites where Impa- 
tiens can produce seeds each year, as found in the NM in 
2011, and/or external sources of seeds coupled with 
seed dispersal. 



Invasive species 

By 2011, vegetation changes, except along channel 
edges and limited parts of the NM site (also in limited 
areas of some islands), were related to the dominance 
of Phragmites. Lythrum and Phalaris had little impact 
on long-term vegetation patterns, and although 
Lythrum had established in all sites by August 1995 
(Leek and Leek 2005; M. A. Leek, pers. observ.), it was 
eventually replaced by Phragmites. Lythrum, unlike 
Phragmites, did not reduce species diversity (Licsko 
2000). Where Phragmites was not present, diverse com- 
munities were often present (M. A. Leek, pers. observ.) 
[see Additional Information]. 

The abundance of Phragmites in the seed bank was 
higher than for Chesapeake Bay brackish wetlands 
(284-698 m"^) and other studies noted by Baldwin 
et aL (2010). Moreover, the high densities in both 
March and June samples indicate high viability and per- 
sistence, and suggest that viable seeds are produced an- 
nually, a feature associated with the invasive genotype 
(Kettenring and Whigham 2009; Baldwin et al. 2010; 
Kettenring et al. 2010; D. F. Whigham, pers. comm.). 
North marsh specimens, examined in 2012, were of 
the invasive genotype (M. A. Leek, pers. observ.; Swearin- 
gen and Saltonstall 2010). 

As Phragmites continues to expand, small relict com- 
munities that are Phragmites free both within the 
created wetland and regionally will be important 
sources of propagules for sustaining species (e.g. van 
der Valk et aL 2009). 

Although Phragmites was slow to become on import- 
ant part of the created wetland vegetation (e.g. 
Fig. 3D; Leek 2003), its presence was noted as early as 
1994 in various areas with colonization occurring inter- 
mittently over the entire wetland in subsequent years 
(M. A. Leek, pers. observ.), suggestive of high genetic di- 
versity (Kettenring et aL 2010). Now, it is estimated to 
cover ~80% of the created wetland (Fig. 4) [see Add- 
itional Information]. Wetland hydrologie design, which 
provided conditions favourable for the establishment of 
many species while gaps and low-nutrient sediment 
(sand and gravel) were present, was, nonetheless, a 
wetland disturbance, available for establishment by 
Phragmites. Phragmites appears to be a keystone 
species in this wetland, and even persistent seed bank 
species and newly dispersed propagules have little 
chance of contributing to vegetation development 
unless other disturbances create gaps in the dense Phrag- 
mites patches. 

One of the design objectives for this wetland was cre- 
ation of wildlife habitat (M. Kaminsky, pers. comm.), and 
in the first year >100 bird species and other animals, 
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including box turtles (Terrapene Carolina) and muskrats 
(Ondatra zibethicus), were observed there. However, as 
with vegetation, animal diversity has declined, probably 
associated with the increase in Phragmites and decrease 
in forage species (C. F. Leek, pers. comm.). Any attempts 
now to reduce Phragmites would be very costly (B. Hawkin- 
son and N. J. Dott, pers. comm.). Unfortunately, long-term 
monitoring, a highly desirable feature for restoration 
sites, was not a part of the mitigation plan, and an 
impact statement prepared during 1995 only documen- 
ted initial vegetation coverage, and actually indicated 
that neither Lytlirum nor Phragmites would become pro- 
blems (Marble and Company 1998). Certainly, the 
success of wetland creation cannot be assessed in 3-5 
years (see Kellogg and Bridgham 2002; Baldwin 2004) 
and, then, neither can success be equated with compos- 
ition similar to that of natural wetlands (Ehrenfeld 2000; 
Baldwin 2004). It is apparent that restoration plans 
should include initial and future goals, as well as realistic 
criteria for evaluation (see e.g. Simenstad et al. 2006; 
Baldwin et al. 2009). 

Conclusions and forward look 

Colonization, driven by the availability of propagules 
transported by the nearby Delaware River, was immedi- 
ate, within 1 year resulting in a highly diverse seed bonk 
and vegetation and very high seed bank densities. Input 
of seeds continued over the 17 years of the study, as 
new species were observed in 2011. With time, 
however, densities and species diversity declined as es- 
tablishment characteristics changed, related to sedimen- 
tation and vegetation development in areas that were 
occupied by Phragmites. Vegetation development 
reduced seed production of many early colonizing, low- 
growing species, resulting in lower total seed bank dens- 
ities at all the locations at all sites in 2011. As the vege- 
tation changed, species differed in persistence but were 
often present in the seed bank for longer than in the 
vegetation. In some cases, initial site colonization differ- 
ences were still apparent in 2011 seed bank samples. 
At the end of the 17-year study period, species totals 
and richness were less, and most species had lower 
seed bank densities and cover values. The only exceptions 
were Mil<ania and Phragmites, which were well repre- 
sented in 2011 in both the seed bank and vegetation. In- 
vasive species were also dynamic temporarily; Lythrum, 
important between 1995 and 2002, did not continue as 
a dominant, and Phragmites became the key species es- 
pecially in midpoint and upland edge locations. 

Although it appears that vegetation progress (succes- 
sion) in this created tidal freshwater wetland is now 
determined by Phragmites, future monitoring will 



permit a better understanding of the continued expan- 
sion of this species into small areas that are still Phrag- 
mites free. The high seed bank density and persistence 
of Phragmites, compared with published studies, sug- 
gests that studies exploring germination viability and 
longevity might provide insights into its invasiveness. It 
is important that future studies explore how restoration 
failed to maintain the high initial species diversity or 
develop the characteristic vegetation of nearby refer- 
ence marsh sites. Insights from this restoration should 
be applied to future ones. Future seed bank studies 
may also determine the longevity of seeds, suggestive 
of their importance in restoration here and elsewhere. 

Additional information 

The following additional information is available in the 
online version of the article - 

File 1: Addendum with photographs of the created 
wetland sites from 1994 to 2011. 
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Appendix 1 Species (families) emerging from soil samples and/or present in vegetation plots in 2011. Species seed bank values for March samples ore maximum densities (x + SE); 
site and location for maxima are Indicated. Location frequencies (FQ) are based on n = 18 (ch, ml) or n = 16 (up) for seed bank data and n = 27 for vegetation plots. Sites are NM, EM and 
SM (see Fig. 1), and locations are channel edge (ch), midpoint (ml) and upland edge (up). Species not recorded In 1995-99 (Leek 2003) are noted with an asterisk. A 'w' Indicates woody 
species, Including vines. Nomenclature follows USDA (2012). 
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Appendix 2 Comparisons of sites and locations for seed banic and vegetation in 2011. For sites see Fig. 1 
(x + SE) and total species. Shown are seed bank species >100 m~^, and vegetation species >10 % cover 
woody overhanging species are not Included. Locations: ch, channel edge; mi, midpoint; up, upland edge. 



. Data are seed bank density m ^ (x + SE), % cover (x + SE), species richness 
as well as N. lutea. Upland edge species are only those rooted In the plots; 
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Lindernia dubia 


525 + 236 


0 


14 567 ± 3166 


0 


Ludwigia palustris 


1680 ± 686 


0 


3233 ± 738 


0 


Lythrum salicaria 


1680 ± 538 


0 


1117 ± 177 


0 


Mikania scandens 


825 ± 145 


0 


7033 ± 1080 


31.7 ± 7.3 


l^imulus spp. 


400 ± 245 


0 






Icarus spp. 


100 ± 27 


0 






Phragmites austraiis 


2730 ± 698 


42.2 ± 11.2 


41 450 ± 4041 




Total density 


9130 ± 2140 




8.8 ± 0.5 


3.9 ± 0.4 


Species/sample 


12 ± 1.1 


4.3 ± 0.4 


20 


14 


Total species 


20 


12 


2 


13 


Woody species 


4 


11 



